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Abstract
We estimate differential rapidity cross sections for Ψ and Υ production via p-
Pb collisions at 8 TeV. We use the mixed heavy quark hybrid theory in which the
J/Ψ(1S),Υ(1S),Υ(2S) are standard mesons while the Ψ(2S) and Υ(3S) are mixed
hybrids, approximately 50% standard |qq¯ > states and 50% hybrid |qq¯g > states. This
is an extension of previous work on heavy-quark state production via A-A collisions at
RHIC.
PACS Indices:12.38.Aw,13.60.Le,14.40.Lb,14.40Nd
1 Introduction
Our previous work[1] on the production of Ψ and Υ state production via Cu-Cu and Au-Au
collisions, with E=
√
spp = 200 GeV, was based on previous work on the production of heavy
quark states in p-p collisions[2] which used the color octet model[3, 4, 5], which was shown
to dominate the color singlet model in studies of J/Ψ production at E=200 GeV[6, 7]. Since
the present BNL-RHIC experiments cannot measure the Υ(1S),Υ(2S),Υ(3S) separately,
the J/Ψ(1S) and Ψ′(2S) production was the main study in Ref[1].
An important aspect of the present work is that the Ψ′(2S) and Υ(3S) are approximately
50-50 mixtures of standard quarkonium and hybrid quarkonium states:
|Ψ(2s) > = −0.7|cc¯(2S) > +√1− 0.5|cc¯g(2S) >
|Υ(3S) > = −0.7|bb¯(3S) > +√1− 0.5|bb¯g(3S) > , (1)
while the J/Ψ,Υ(1S),Υ(2S) states are essentially standard qq¯ states[8].
Recently there have been experimental studies with
√
spp = 5 TeV of Ψ(2S) production[9]
and Υ production[10] via p-Pb collisions, and a theoretical estimate of Ψ,Υ production[11]
via Pb-Pb collisions. In the present work we estimate differential cross sections for J/Ψ(1S),
Ψ(2S) (charmonium mesons) and Υ(1S),Υ(2S),Υ(3S) (bottomonium mesons) from p-Pb
collisions with center of mass energy E= 8 TeV, which are being planned as future LHCb
experiments[12]. In Sec. II the expressions for the differential cross sections for J/Ψ(1S)
and Υ(1S) at 8TeV are derived. In Sec. III the differential cross sections for Ψ(2S) and
Υ(3S), mixed heavy-quark hybrid mesons, as well as the differential cross sections for the
standard heavy-quark mesons are given. Due to uncertainty in normalization of the absolute
cross sections our main prediction is the shapes of the rapidity dependence rather than the
magnitudes of the cross sections.
1
2 J/Ψ and Υ(1S) production via p-Pb collisions with√
spp = 8 TeV
The differential rapidity cross section for the production of a heavy quark state with helicity
λ = 0 in the color octet model in A-A collisions is given by
dσAA→Φ(λ=0)
dy
= REAAN
AA
bin <
dσpp→Φ(λ=0)
dy
> , (2)
where REAA is the product of the nuclear modification factor RAA and SΦ, the dissociation
factor after the state Φ (a charmonium or bottomonium state) is formed (see Ref[13]). NAAbin
is the number of binary collisions in the AA collision. <
dσpp→Φ(λ=0)
dy
> is the differential
rapidity cross section for Φ production via nucleon-nucleon collisions in the nuclear medium:
<
dσpp→Φ(λ=0)
dy
> = AΦ
1
x(y)
fg(x¯(y), 2m)fg(a/x¯(y), 2m)
dx
dy
, (3)
where a = 4m2/s; with m = 1.5 GeV for charmonium, and 5 GeV for bottomonium, and
AΦ =
5pi3α2s
288m3s
< OΦ8 (
1S0) > [2]. For
√
s = 8 TeV a = 1.41 × 10−7, AΦ = 4.94 × 10−7 for
charmonium, and a = 1.56× 10−6, AΦ = 1.33× 10−8 for bottomonium. See Ref[2].
x¯, the effective parton x in a nucleus (A), is[1]
x¯(y) ≃ x(y)
x(y) = 0.5

 m√
spp
(exp y − exp (−y)) +
√
(
m√
spp
(exp y − exp (−y)))2 + 4a

 , (4)
with m√
spp
= 1.875× 10−4 for charmonium and 6.25× 10−4 for bottomium
The gluon distribution function fg(x) for
√
s = 8 TeV is[2]
fg(x) ≃ 275.14− 6167.6x+ 36871.3x2 . (5)
For the present work we need REpPb and N
pPb
bin . From Ref[14] R
E
pPb ≃ 0.8, while from
proton-Nucleus experiments[15] NpPbbin ≃ 14.6, so REAANAAbin ≃ 11.68 From these and Eqs(2,3)
one finds
dσpPb→J/Ψ(λ=0)
dy
= 5.78× 10−6fg(x(y)fg(1.41× 10
−7
x(y)
)× 1
x(y)
dx(y)
dy
dσpPb→Υ(1S)(λ=0)
dy
= 1.56× 10−7fg(x(y)fg(1.56× 10
−6
x(y)
)× 1
x(y)
dx(y)
dy
. (6)
2
3 J/Ψ,Ψ(2S),Υ(1S),Υ(2S), Υ(3S) production via p-Pb
collisions with
√
spp = 8 TeV
From Ref[2], for the standard model the differential cross secions dσ
dy
for Ψ(2S) = 0.039 ×
J/Ψ(1S) and Υ(2S) = 0.039 × Υ(1S), while Υ(3S) = 0.0064 × Υ(1S). Using the mixed
hybrid theory[8] Ref[2] found that
[
dσpp→Ψ(2S)
dy
]mixed hybrid ≃ 2.47× [dσpp→Ψ(2S)
dy
]standard (7)
[
dσpp→Υ(3S)
dy
]mixed hybrid ≃ 2.47× [dσpp→Υ(3S)
dy
]standard .
The differential cross section for J/Ψ is shown in Figure 1.
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Figure 1: dσ/dy for
√
spp=8 TeV p-Pb collisions producing J/Ψ with λ = 0
3
The differential cross sections for Ψ(2S) are shown in Figure 2, Υ(1S, 2S) in Figure 3.
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Figure 2: dσ/dy for
√
spp=8 TeV p-Pb collisions producing hybrid, standard Ψ(2S).
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Figure 3: dσ/dy for
√
spp=8 TeV p-Pb collisions producing Υ(1S), Υ(2S).
4
The differential cross sections for Υ(3S) hybrid and standard (dashed curve) are shown
in Figure 4
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Figure 4: dσ/dy for
√
spp=8 TeV p-Pb collisions producing hybrid, standard Υ(3S).
4 Conclusions
In preparing for future LHCb experiments[12] in which p-Pb collisions with center of mass
energy E= 8 TeV produce Ψ and Υ states, we have estimated the differential cross sections
for J/Ψ(1S), Ψ(2S), Υ(1S), Υ(2S), Υ(3S) heavy quark states, with both the standard model
and the mixed hybrid theory for the Ψ(2S) and Υ(3S) states. This should help with future
experimental studies.
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